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S(.MK PROBLEMS OF TYPIFICATION AMD UNIFICATIOI 
OF DEVICES FOR TECHMOLOQICAL COMTROL AID 
REGULATION USIMO NUCLEAR RADIATION 
Bj- 

P.S. SaTltsky «Dd V.A. Yanushkorsky 

An impoxtant role in aolring oan/ pxoble.a ef oo«pl.x 
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of rodlooctlro dorloo. for .„to«.tl. oontrol ood r.fulotlo. ho. 
bean carried on for the last few years. 

Anong the highly diTeralfled speolaliaed technological 
oontrol derioes based on the application of radleactlre ra- 
diation, typlfioatlon principles hare found the widest appli- 
cation in position-control and regulation equlpnent using relay- 
action derlces, and in gauges for -easurlng the thickness and 

density of coatings employing differential and conpensatlon 
circuits. 

Position-control methods using radloactire isotopes are 
based on registering drastic changes in the intensity of radie- 
aotlre radiation absorbed or scattered by the nediua Irrespeotl- 
re of the specific features of the parameter controlled. The 
accuracy of estimating the parameter controlled with the aid 
of relay-action derioes depends slightly, if at all, on the 
intensity of the radiation registered. 

Proceeding from this general principle of action, it is 
possible to *ork out general principles for designing record- 
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ing devices which would allow to carr^ out the tjrpifioatios of 
their iodiridiial elenents. A characteristic feature of radioao* 
tire relajr-actlon devices which greatl/ Influences their pria- 
oipal characteristics such as sensitivit/i response and relia- 
bilitj, consists in fluotuatios processes arising in the devices 
and associated with the statistical nature of radioaotire ra<- 
dlatloB* Therefore general^pujrpese relay-aotion deTioes designed 
to handle a great dlversitjr of probleaa in various industries 
oontain electrical adjustaent eleaents which permit setting up 
an optiaua regiae of devioe operation under the specific con- 
ditions of the process controlled. 

Typified relaj-aotion derioes operate in the regime of 
registration of average current of a radiation detector ( low- 
voltage ^ gas-discharge, halogen counters)* 

The principle of tjpifioation of relajr-aotion devices 
consists in dividing them into three separate t/pified ele- 
ments: radiation sources, radioactive sensing elements oomtain- 
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ing a radiation detector, and general*- pur pose electronic relay 
units* 

Devices of different designations are provided with 
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different sensing elements which are specialized. The design fi 

of the sensing elements ensures a maximum versatility of 
their utilisation in solving typical technological problems 
in various industries. 

By way of exam|ple, below we describe some specimens of 
^XP^^^ed assemblies of relay— action e^uiisient. 

The radioactive detectors (I) and (2) In Fig. I are ” 

designed to register hard beta and soft gamma radiation. They 


are employed in controlling, counting and interlocking devices. 
Such detectors are widely used, for instance, in arrangements 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 



3€5€ 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 


which control the filling of oontninera regardless of the 
■ature of the product ooBtained in thea, keep account of the 
output of staapiBg and pressing equipaent, ensure proteotire 
interlocking of aultiposition autoaatic presses^ etc* These 
detectors are used in the oheaioaly food^ aeohanical engi- 
neering and other industries. 

The radioaotlTG detector 3 (Fig. I) is used in derioes 
for radioac tire labelling of steel wire butt welds. To secure 
a reliable control during the passage of separate wire coils 
in uaultlple - drawing aaohines, the weld butts of the wire 
oells are labelled with radleactire phosphorus - 32. The 
detector 3 is set up before the last die; it contains gas- 
dlsoharge oounters ihloh register the passage of tho labelled 
weld butt. Registering derloea control a aultlple - drawing 
aaohlne and eleotroaeohanlcal shears for ooll separation. The 
detector Is used In the aetallurgloal Industry. 

The radioaotlTO detectors (i), (5) and (6) (Flg.I) are 
eaplejed In derloea for position control of tho lerel of 
liquid and loose aaterlals. Tho detector A is designed to 
register hard beta radiation and serres to control tho 

•i ■easurlng ressels with liquids. It consists of 
a natal cylinder prorldo with a counter with a beta source 
rigidly attached to It by neans of a bracket. 

The detector Is Innersed In the ressel to a preset 
depth. The lerel Is controlled by the attenuation of the 
radiation due to the presence of the liquid layer between 
the source and the counter. 

Tho detector (3) is designed for dlreotional registra- 
tion of gaaaa radiation. It Is used In derioes controlling 

- 3 -- 
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the lerel of a liquid hy means of a radioaotlre float 
with Co^^ or sources# The detector coasists of a 

metal body containing a halogen counter and a one sided 
widge-*type lead collimator# The deteotor is attached bj 
means of a flange on the external side of the ressel at 
a preset filling lerel# 

The detector (6) is designed to register gamma radiation 
in gauges controlling the lerel of liquid| loose and lump 
materials by gamma-raying ressels filled with them# It 
contains a number of gas-discharge halogen counters lo- 
cated in one plane# This derioe is used in gauges for 
technological lerel control in rarious industries) ohemi— 
oaly mining, ore-dressing, construction materials, eto# 

In addition to the ab ore-enumerated instruments, 
unified sensing derioes of sereral types are produced 
which are designed for oontaotlers three-position regist- 
ration of the readings of measuring instruments of rarious 
type# (■eedle Instrument#, flowmeters, liquid thermometers, 
eto). 

No, 7 in Fig, I denotes a general-purpose eleotronlo 
relay unit which is used in relay— action doTioes, 

Typified assemblies for relay— action deTioes are pro- 
duced in three types: normal, explosion - proof and airtight. 

Methods for contactless control of thlohness and 
coating thickness and density are based essentially on 
two types of continuous-action devices, Derlces of the 
first type are based on a differential circuit for 
comparing the material controlled with a standard specimen, 
and are designed to control materials in continuous tech- 
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nologlcal proceasea. Deric.a of the aecond type are built 
as aelf-ooBpenaatloB clroulta with oontiDUOus counting 
of the parameter controlled, and are meant for material 
control both in continuous and intermittent technological 
prOC63868« 

Both types of instruments mostly use lonlsatien 
Chambers a. radiation detectors. They are characterised by 
high Tersatlllty and a wide range of the ralues measured, 
and may by employed for controlling materials which differ 
in their chemical and physical properties. 

Use of beta radiation requires open Ionisation chambers; 
in the case of gamma radiation high-pressure chambers are 
employed. Scintillation counters with current oondltlons of 
electronic photomultiplier operation are also used oooaslo- 
nally. 

Fig. 2 shows the functional diagram of a derloe of the 
first type. The difference in the currents induced by two 
radiation fluxes is measured by means of a differential 
Ionisation chamber coslstlng of two eleotrloally oross- 
oonneoted compartments (I and 2) with a high - ohmic 
reslator(3). One flux from the source (4) passes through 
the material controlled (5) and enters the principal com- 
partment (I). The ether flux from the auxiliary source (6) 
enters the compartment (2) through the standard speolmen 
of the material controlled (7). The differential current 
is Intensified by one amplification cascade (8) operating 
in an electrometric regime, and is fed to the measuring 
instrument (9). To eliminate the instability of sero count, 
the instrument is prorlded with a periodic self-adjustment 
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arrangemeDt whiob uses the above- described unified as- 
semblies of relajr devices# Periodically, once every 30 - 60 
minutes, the time relay (lO) switches the device circuit 
from the measuring to the self - adjustment regime. The 
switch (ll) w-loses tb. -Iwpttt of the electrometric cascade* 

If the measuring Instrument needle Is not reset to zero^the 
beta radiation from the Isotope located at the needle tip pe- 
netrates Into one of the gas-discharge counters (12) Installed 
behind the Instrument scale and separated by the metal 
shield (13). 

The counters are connected with the typified two-ohannol 
electronic relay unit (14) which phase-commutes the supply 
Toltage of the windings of the serromotor (15). The latter 
Is connected mechanically with the potentiometer which sets 
the measuring Instrument to zero. 

Self-adjustment takes about 1 minute, after which the 
Instrument circuit automatically switches orer to the 
measuring regime. 

The circuit response la selected so that the needle 
deflection to the extreme left and reght positions corres- 
ponds to the tolerance for the derlatlons of the parameter 
controlled. Signalling for the extreme positions of the 
needle Is effected with the aid of the two counters (16) 
located at the extremes of the measuring Instrument scale. 

The counters are connected with the typified two-channel 
electronic relay unit (17). The Instrument Is prorlded with 
terminals which connect It with a system for the regulation 
ef the process controlled, a standard recording Instrument 
and a sounding or light alarm which announces the orershootlng 
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Of the i«r«n.eter controlled. The general view of the device le 
given in Fig. 3. 

The device consists essentlallj of two units: the 
radioaotlve detector (l) with a differential ionisation 
Chamber, and the measuring unit (2). The device operates 
Without self-adjustment and requires periodic manual 
adjustment. The self-adjustment system includes two tjpl- 
flsd units: the time rela;, (3) and the two-ohannel electronic 
relay amplifier (4). The external slgnaliaation system 
supplements the device with another two-ohannel elect- 
ronic relay unit (5). Three of the five principal units 
of the device are employed in relay-action instruments as 
typified assemblies. Therefore, plants which have mastered 
the production of relay-action devices, have easily handl- 
ed small-scale production of such devices. The device is 
designed to control and measure the surface density of 
■aterials in the range from 10 to 10,000 gm/sq,m. The 
measurement accuracy is not below M,, 

Mg. 4 th. funotioMl di.gr„ „ . 

Of th. ,.,ohd typ.. Thl. olroult .1.. . dlft.r,.tl.l 

ionisation chamber# 

The radiation from one of the sources (I) passes 
through the material controlled (2) and penetrates into the 
principal chamber compartment (3). The radiation from the 
auxiliary source (7) through the orlflolng shutter (6) 
enters the compartment (4). 

The signal proportional to the differential current 
of both the chamber compartments is Intensified by the 
amplifier (10) and fed to the servomotor (II) which shifts 
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the orlflclng shutter (6) until a complete equality of 
currents in both the chamber compartments is achieved. 

The position of the orificing shutter is registered by 
the indicator (12). 

To eliminate the drift inherent to d.o. amplifiers, 
the device uses modulation (interruption) of the output 
signal of the chamber with the aid of the converter (9) 
followed by the a.c. amplifier (10), 

Inasmuch as the device uses a differential ionisation 
chamber, the instability of the chamber supply voltage 
and the pressure variations in both of its compartments 
do not affect the measurement results. Besides, the varia- 
tions in the hlgh-ohmlc resistance and in the amplification 
factor of the amplifier do not Introduce considerable 
errors into the measurement results, either. 

The indicator (12) has the shape of a needle measur- 
ing instrument. The angle of needle deviation is a measure 
of the Intensity of the radiation flux measured. The scale 
is calibrated in units of thickness or surface density 
of the materials measured. 

The general view of the device is presented in Fig. 5, 

The device is designed for continuous measuring and recording 
of the surface density of sheet materials in the range from 
10 to 10,000 gm/sq.m. The measurement accuracy in not below 
1%, The device is provided with a terminal leading to the 
system of automatic regulation of the process controlled. 

Both the types of devices may be used to measure 
coating thickness; in this case special sensing instruments are 

_ s, . 
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6«ployed whoa, function la based on baokacattering of 

beta radiation. The other assemblies of the instrument 
remain unchanged. 

The wide range of the walues measured la attained 
by using a set of standard radloaotlye souroes in both 
tjpas of iDstrumaota^ 

Some of these souroes are used in position-control 
derloes as well. 

Table I contains characteristics of typical radiation 
sources which hare found the widest application in techno- 
logloal control derloes. 

Pig. 6 exhibits sketches of typical beta-source oon- 
talners used in industrial technological control derloes. 

The work carried on la the USSR toward the typlflcatlon 
and unification of derloes for automatic control and re- 
gulation of industrial processes using radloaotlre ra- 
diations, and the industrial production of typified ge- 
neral-purpose units for them hare allowed to proceed from 
single separate operations to complex automation and 
meohanlsatlon of large plants. 

Thus, for instance, at the Mining and Milling Com- 
bine in Krlroy Hog orer 60 relay-action derloes hare been 
Installed which automatloally control and regulate a great 
number of labour-consuming processes and operations. 

The introduction of radloactlre automation at the 
Combine has essentially improred labour conditions and 
ensured an economy of orer 10 min. roubles per year. 

The utillaatlon of derlces for position control and 
regulation with radloactlre sensing elements for the auto- 
mation of underground works in the coal and mining induat- 
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Ties is highl/ efficient. It allows to rclierc a great 
number of underground workers. 

The application of gauges measuring thickness, coating 
density and thickness, also ensures high economic efficiency. 

Thus, the introduction of gauges for measuring the thick- 
ness of non-ferrous sheet metals at one of the Leningrad 
plants has allowed to reduce the expenditure of raw materials 
due to the reduction of tolerances and the decrease in rejeo- 
ions from 4*4 to i.4^. Simultaneously the productirity of 
rolling machines has increased by 7^. The total annual 
economy at the plant amounts to 10 min. roubles. 

The reduction of tolerances for the thickness of sheet 
materials, such as paper, glass, plastics and others, by 
installing technological control instruments allows to great- 
ly economise materials, to increase the productirity of 
the operating equipment, and prorides conditions for switch- 
ing orer to completely automatised production in a number 
of industries: metallurgical, chemical, paper, etc. 

The examples cited abore rereal that the application 
of technological control derices using nuclear radiation 
has a great economic effect. According to the economists, 
of the total annual economy obtained in the USSR in 1938 
due to the utilisation of radioactire isotopes and nuclear 
radiation (1.6 - 1.8 mlrd. roubles), the radioactire 
automatic control derices contributed about 500 min. roubles, 
during the same period. 

We beliere that in the near future the efforts will 
de directed at a further typification of instrument ele- 
ments and the extension of typification principles to 

10 -- 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 


36 5t 


56 5e 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 


derlcea fox measuring liquid density, flow rate meters, 
pressure gauges, etc. 

It has been estimated on the basis of the established 
teohnloal possibilities and the scope of the prospeotlrs 
applications of radloactire derices for the automatic 
control and regulation of technological processes, that 
within the next few years the economic efficiency of 
their ntlllsatlon In the national economy of the USSB 
will aohlere a considerable magnitude. 
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FIGURES 

Flg«1« Typical assemblies of relay-action devices. 

1, 2, 3, 4, 5, 6 « radioactive detectors; 7 = general- 
purpose elec'tronlo relay block. 

Pig. 2. Differential circuit for measuring material thick- 
ness and density with periodic self-adjustment using re- 
lay-action devices. 

Fig. 3. General-purpose radioactive thickness and density 
gauge based on a differential circuit for comparing mate- 
rial controlled with standard specimen. 

1 - radioactive detector; 2 « measuring unit; 3 - time- 
relay unit; 4,5 - typloal two - channel electronic relay 
amplifiers. 

Fig. 4. Self - compensation circuit for measuring material 
thickness and density. 

Fig. 5. Radioactive general-purpose thickness and den- 
sity gauge with continuous counting of parameter control- 
led. 

1 • measuring unit; 2 > amplifier and supply circuit; 

3 * Indicating Instrvunent. 

Fig. 6. Standard beta— source containers. 

1 • point source container; 2 > plane source container; 

3 > linear source container. 
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THE USE OF RADIOACTIVE ISOTOPES AND NUCLEAR RADIATION 
IN THE SOLUTION OF SOME PROBLEMS OF BLAST-FURNACE AND 
STEEL-MAKING PRODUCTION 

by Afanasjer V.N Beljaev U.P., Bogdanova N.G,, 

Bui sky M.T., Grusln P.L., Nikullnsky I.D., Offengen- 
den A.M., Polovchenko I.G., Pugachev A.V. ,Skrebtzov A.M. , 
Telesov S.A. , Shvartaroan L.A. 

The extensive organisation of work in metallurgy, in 
which the attainments of nuclear physios have been utilised, 
in the USSR dates back to the years 1948-1949, 

The Institutes and plants of the Ferrous Metallurgy 
have a network of radiometric laboratories for the Inspection 
and development of technological processes. 

Separate questions connected with the utilization of 
radioactive Isotopes and nuclear radiation in the metallurgical 
industry of the Soviet Union have been described in the 
literature in detail. Some results have already been reported 
at international conferences. The present report deals only 
with individual examples of the utilisation of radioactive 
isotopes and nuclear radiation in the ferrous metal Industry, 
Chief attention is paid to the results of work now in progress 
at the Kuznetsk Iron and Steel Works, and the "Azovstal", 
the Dzerzhinsk, the Ilich and the Stalinsk Iron and Steel 
®ill®» with the collaboration of the Central Scientific Rjse- 
arch Institute of the Ferrous Metal Industry. 

I. BLAST-FURNACE PRODUCTION 
1 . Regulation of Incoming Charge in Blast-Furnaces 

In the field of cast iron manufacture the automation 
of the control of the operation of the blast— furnace process 
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is an Important problem. In this connection there arises the 
need to provide contactless, continuous-acting low-inertia 
data units, which afford aata on the run of processes, as 
well as its transmission into the computer. In the 

solution of this problem in the Soviet Union great attention 
is paid to the utilization of radioactive isotopes. To that 
end there has been developed a radiometric installation de- 
signed for the regulation of blast-furnace incoming charge. 

At the present time the blast-furnace incoming charge is 
regulated on the basis of indications of mechanical soundings, 
which give satisfactory results only when the blast-furnace 
runs smoothly. Sounding diagrams often do not characterize 
the position of the surface of the charge and do not permit to 
regulate the level of filling. Great difficulties are experi- 
enced when mechanical soundings are utilized in the operat- 
ion of large volume blast-furnaces, when the pressure under 
the furnace top is ralseu. 

The radioactive method regulating tht level of filling 
of the blast-furnace with charge materials is based on the ab- 
sorption of gamma— rays from radioactive sources. In the given 
case one may utilize radioactive isotopes of cobalt and other 
elements with a hard gamma-radiation (with energies of 1 MeV 
or more) and with a sufficiently large half-life (one year and 
more). Closed sources of radiation with activities of about 
200 mcurles (depending upon ray hardness and furnace dimen- 
sions) are set up in the furnace refractory masonry at a 
definite level of fill of charge materials, or under the bell 
(Fig. 1). At various points along the furnace periphery in the 
refractory masonry radiation detectors (halogen counters) are 
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inatalled, whose cables are connected to the recorder with a 
light panel. Detectors are set up on a number of horizons, 
four on each horizon. When the charge material level of fill 
is lower that the location of any one of the detectors, the 
irradiation intensity of the detector Increases abruptly, and 
the respective signal lamp on the control board Ignites. 

The radiometric method of regulation of the level of 
filling is being used on one of the blast-furnaces of the 
Dzerzhinsk plant. The diagram of the radiometric regulator of 
the level of filling, developed by personnel of the plant, 
of CSRIFMI and of the Ukrainian Institute of Metals, is 
shown on Figures 1 and 2. In this case two sources of radio- 
active cobalt, 500 mcuriea each, were placed on the blast- 
furnace, under the level of the material, along the furnace 
top clroumference, between the vertical rows of counters 
(See Pig. 2). Sources and counters have been arranged in 
such a manner that the radiation of each source acts only 
upon the two vertical rows of counters, which are opposite to 
it. The possibility of shifting the sources in pipes permits 
to carry it out with fascility. 

A comparison of the readings of the radiometric instal- 
lation and of the mechanical soundings leads to the following 
conclusions: 

a. The readings of the installation from the aide of the 
oast iron tap and air heaters rarely coincide with sounding 
data when the furnace runs very smoothly; as a rule, the read- 
ings of mechanical soundings are considerably lower than the 
surface of the fill, as revealed by radiometric control; 

b. Due to the fact that the soundings are drawn in by the 
charge, the actual level of materials is in many cases higher 
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that the bottom position of the edge of the large bell; as a 
result, the orientation by mechanical sounding readings often 

leads to the overloading of furnaoes. The passage to the con- 
trol of the loading of furnaoes by radiometric control data 
evens out the running of furnaces. 

The new regulator of filling clearly manifests a nonunl- 
form speed of Incoming materials along the circumference. 

The Dserehlnsk Plant, CSRIFMI the Ukrainian Institute 
of Metals and the Tallin measuring Instruments plant 

have worked out an Industrial standard for the radiometric 
fill regulator. During the jears 1959 and I960 regulators will 
be Installed on blast-furnaces at a number of plants. 

2. Control of the Quality of the Charae and Ore 

In order to control the blast duty a reliable and quick 
determination of the granulometric composition of the charge 
Is needed. At some plants the screen composition of charge 
materials Is determined by the screen slelng of samples 
weighing about one ton, selected In 24 hours. This very labo- 
rious method dosi not offer any possibility to obtain in the 
time alloted to It the necessary true results, which conside- 
rably lowers Its validity. 

The study of the absorption of gamma-radlatlon by the 
blast-furnaoe charge components carried out on the Dserehlnsk 
and Novo-Tulsk Steel Plants revealed the possibility of con- 
trolling the gas-permeablllty of charge materials by the ra- 
diometric method. It has been found that the absorption of 
gamma-rays In that case depends upon the density, the bulk 
weight of the material connected with the screen composition. 
Personnel of the CSRIFMI and of the Dzerzhlnsk Plant develo- 
ped and manufactured three experlLjental devices for the measu- 
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reroent of the lomplng of coke, upon whose soreen composition 

depends the general gas-permeability of the charge column 
(coke occupies about 60# of the charge Tolume). 

The derloe has been Installed at one of the blast-fuma- 
oes of the Daerahlnsk Plant, at the left-hand weight funnel 
of the lift of the blast-furnace. The weight funnel a (Fig, 3) 
is transluced by a radioactive isotope of cobalt (Co®°), with 
a 300 fflcurie activity, situated in a protective oolllmator b, 
which may be displaced by guides, either bringing it closer 
to the funnel, or removing it from the funnel. The data unit 
d, located on the opposite aide, from centres at the point 
e consists of eight CTC-6 counters. It measures the intensity 
of the beam of rays, which passes through the coke, which 
is reooreded by a specially constructed recorder. 

Coke lumping is recorded separately for each skip by its 
filling the weight funnel, simultaneously with the stoppage 
of the disk sieve, which delivers coke from the hopper into 
the funnel. In making records on the band appear "peaks" of 
the radiation intensity (Fig. 4) varying in size, depending 
upon the density of the material. 

A comparison of records of the devloe, obtained at the 
Dzerzhinsk Plant, with readings of furnace operation, has re- 
vealed that the absorption of gamma-rays by coke varied from 
3.0 to 12.7# of the mean value; at a minimum absorption the 
coke ore load reached 2340 kg/t and at a mazloium it was lo- 
wered to 2210 kg/t., that is, it was lowered 13#. That does 
not agree with the existing ideas on the possible effect of 
coke lumping upon the thermal condition of the furnace and 
of ooke consumption (the amount of carbon in the charge 
hardly changes thereby). Furaaoe operation observations reve— 
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aled that at periods of maximum absorption of gamma— rays by 
coke the extraction of coke out of the furnace with slag 
Increases (not only with the lower » but also with the upper 
slag). Individual oast Iron yields were followed by the 
carrying away of approximately up to 10-12 tons of coke with 
the lower slag; a considerable amount of ooke fell Into slag 
ladles through slag taps. Since the coke left the hearth 
heated to 1390-1400*0, the noticeable heat losses must be 
oaloulated. These fuel losses Indloate that It Is necessary 
to Increase ooke lomplness In operating furnaces at an In- 
creased gas pressure, to pay a greater attention to the 
maintenance of oast iron caps and to the limitation of slag 
tuyere dimensions. 

Blast-fumaoe output Is In a considerable measure deter- 
mined by the preparation of ore materials. In the solution 
of this problem the control of the process of Iron ore refin- 
ing and of agglomerate sintering Is an Important link. The 
utilisation of radioactive Isotopes has proved to be very 
effeotl.re In this field also. 

At the Euanetsk Iron and Steel Works a radiometer was 
deslnged for the determination of the agglomerate density. 
Instrument operation Is based on the absorption of radioactive 
emission of isotopes. Instrument tests at the agglomerate 
plant have shown that It may be used for the control of the 
process of ore sintering In obtaining the agglomerate. 

Further rationalisation of the method and development of 
reliable Installations for the control of the properties of 
ooke, ore and agglomerate offer a possibility to obtain data In 
relation to the aerodynaado resistance of the charge. The use 
of radlometrlo Installations for controlling the density of 
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3oke, ore and agglomerate permits to Increase blast-furnace 
output, and also creates new prerequisites for the automation 

of laborious processes and for the sanitation of the condition 
of labour* 

3* Dete rmination of the Speed of Motion and of the 

Tine during which the Charge stars in the Blast-Furnace 

For a number of years on several plants in the Soviet 
Union is the motion of charge materials in blast-fumaoes 
controlled. This work is of great practical value for the 
control of the blast-furnace process and for the detemination 
of optimal duties of furnace operation and of a rational shaft 
profile. 

For the study of the motion of the charge by means of 
radioactlTS Isotopes two particular methods are used. The 
first method (the method of measuring the radioactivity of 
tests of melt products) determines the total time during which 
the materials are in the furnace - from the Instant of loading 
to their getting into the hearth and their dissolution in 
oast iron. In this case materials are carried into the furnaoe 
in the zone of the top at a definite time prior to the output 
of oast iron. The time of their getting into the hearth is 
established by the appearance of radioactivity in the cast 
iron. This method requires no special equipment, but it offers 
no possibility for the determination of the speed of the 
Incoming charge on seperate sections of the furnace shaft. 

The time during which various charge mat rials stay at 
a desired point in the furnace was determined on furnaces or 
a variety of volumes and designs. Tests at the Novo-Tulsk 
Plant have shown that in the zone of the body and in the 
lower section of the shaft there is a rang of slowly-moving 
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materials, which lessens the actual working volume of the 

furnace by 10-15#. This Information Is partially corroborated 

by limestone tests at the "Asovstal" Plant. The mean speed 

of lowering materials, in a number of oases, was greater in 
In the centre of the furnace than at the periphery - directly 

at shaft walls, which depends both upon the system of loading 
and upon the physical properties of charge materials. The 
relative alteration of the mean speed along radii of two fur- 
naces of the "Azovstal" Plant Is shown on Fig. 5. On the blast- 
furnace A the speed Increases continuously from the periphery 
to the centre, while on the blast-furnace B it reaches a ma- 
ximum at a distance about 0.46 m from the shaft wall, and 
becomes less and less thereon. In both oases the speed is 
higher In the centre than at the periphery. 

The second method — of radiometric sondage (developed by 
Fellows of NTMP , the Daerzhinsk Plant and CSRIFMI ) - permits 
to determine the speed of individual components of the charge 
on any section of the shaft. The diagram of the test in the 
study of the speed of motion of the charge with eight points 
of Investigation is shown on Fig. 6. Radioactive granules of 
the charge were brought in to the level of filling, at a 
desired distance from the centre of the furnace, while at ho- 
rizons I - VI were introduced radiometric soundings consisting 
of a system of three coaxial pipes, between which there la 
provided the circulation of water, which maintains in the In- 
terior pipe a temperature not more than 40®. In the interior 
pipe, which is sealed hermetic€Q.ly against the seepage of 
®®i®ture, there Is arranged a radiation detector (a self— (quen- 
ched counter). 

When traced charge granules are lowered from the upper 

horizon, the radioactivity Is recorded in succession on the 

- 8 - 
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lower horizons. The speed with which the Is .ovi.g on 

aeparate sections of the furnace is determined by the time 
intervals between maximum Intensity of radiation, which cor- 
respond to the passage of a granule through two adjacent 
horizons, or by the speed of the growth of intenslvity at 
each horizon. For the location of the detector three variants 
are used: a. Outside the shaft, at the furnace hood; b. In 
the Shaft lining; 3. In the interior of the furnace. 

The method of radiometric sondage was used on large 
volume furnaces. Tests revealed the displacement of the 
charge to the furnace centre at the second horizon, which 
was somewhat greater for coke than for ore. Between the 
second and third horizons both coke and ore deflect towards 
the periphery, the coke further than the ore. In the lower 
portion of the shaft materials also get displaced towards 
the periphery. In the axial zone the speed at which the mate- 
rials were lowering was In some sections higher than at the 
periphery. In the tuyere zone the movement of materials was 
investigated by means of soundings inserted through the 
tuyeres. It was found that radiation sources in one minute both 
approach the tuyere nozzle and move away from it many times. 

In the study of the motion of limestone on a furnace of medium 
volume it was found that the speed with which it moves dec- 
reases while it is being lowered; the limestone speed is maxi- 
mal between the first and second horizons. Ic the lower part 
of the shaft at a distance of about 3.7 m from the wall limes- 
tone gets lowered faster than at the periphery: the lowering 
speed at a datum 20,520 at the periphery was 3 M/h, while at 
a distance of 2.5 m from the wall it was about 5.5 m/h. 
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4. Motion of Cast Iron Id a Hearth of a Lar^e Blaat - 

Furnace 

By the method of radioactive indicators may be investiga- 
ted both the intermixing of smelting products and the motion 
of cast iron in the blast-furnace hearth. 

The method la based on the following principle. A radio- 
active isotope phosphoru3-32 is Introduced through the tuyere 
into the liquid cast iron and slag, which is in the hearth. 
Conclusions as to the nature of the motion of cast iron in 
the hearth are reached by the results of measurement of radio- 
active probes aeleoted in definite time intervals. The present 
work was conducted at the Ilich Plant blast-fumaoe having a 
volume of 1 ,719 cu. metres* The results of Investigation are 
shown on Pig, 7. Different amounts of the radioactive indica- 
tor were applied in different tests. Therefore, on the axis 
of ordinates of Pig. 7 is laid off the radioactivity of samples 
expressed in percentages of the maximum radioactivity for each 
tost. The weight of cast iron output is taken to be 100^6, while 
the time of selection of cast iron samples is also shown in 
relative units, taking into account the duration of the out- 
put. 

On the basis of the investigation made it was established 
that in the Inttorvals between outputs cast iron in the hearth 
of the blast-furnace is mixed poorely. Some mixing and evening 
out of the temperature of cast iron and of the chemical com- 
position takes place, in the main, in the period of its outlet, 
as a result of the motion of oast iron in the hearth, and 
while it passes through the cast iron tap. When it is let out 
of the blast-furnace hearth, cast iron comes out first from 
the region of the cast iron tap end last of all from the regian 
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of the hearth at the side of air heaters. In this process the 
upper layers of cast iron move considerably faster than the 
lower ones. When the central part of the furnace operates 
aotively and when the cast iron tap is In a normal state, the 
rate with which the hearth Is freed of cast iron is the same 
both for a furnace with a volume of 1 ,033 cu m and for a fur- 
nace with a volume of 1,719 cu m. Practically from 10 to 1» 
of cast Iron, which did not come out during the output of cast 
Iron, remains in a blast-furnace, which has a useful volume of 
1033-1719 cu m, which does not influence to any considerable 
degree the operation of the furnace. 

Prom the point of view of oompletness of outflow of cast 
iron out of a furnace during output there is no need in pro- 
viding a second cast iron tap for furnaces with a volume of 
2,286 cu m having a 10.3 m hearth diameter. When the furnace 
has a larger output and oast iron is let out frequently, the 
normal working state of the tap can be ensured by the utlliaa- 
tlon of high-quality carbon steel for the tap and of powerful 
electrical guns (with an 80 kg/cm^ piston pressure). 

Cast iron is completely changed in the furnace on an 
average cf from 2 to 3 outputs, although some insignificant 
amount of cast iron still remains in the furnace. That la one 
of the factors conditioning both the thermal inertia of a 
blast-furnace hearth and the gradual change of the chemical 
composition of cast iron. 

The change of the temperature of cast iron while the 
output proceeds is one of the indications of the completeness 
with which the hearth is being freed of smelting products. 
During cast iron output, especially on a large furnace, the 
Inconsiderable and temporary cooling of cast iron, which 
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evidences a local cooling of the hearth, remains unnoticed, 
Just the same as the beginning of important cooling of the 
hearth. For the prevention and timely liquidation of possible 
coolings and for the maintenance of a more stable heat state 
of the hearth it is necessary to keep up constantly a greater 
heat in the central part of the hearth and to heat the hearth 
from tuyere to tuyere evenly, by means of selecting the cor- 
responding systems of loading and operating duty of the ro- 
tating charge distributor, as well as to equip the blast- 
furnaces with instruments for the automatic measurement and 
recording of the temperature of cast iron and slag in the run 
of the output* 

5 . Control of the Scouring of the Lining of Blast-Furnaces 

At a number of plants the methods of radioactive Inserts 
and of radioactive sondage are used for controlling the wear 
of lining of the hearth bottom and of .ihe shaft of blast- 
furnaces, in order to Investigate the strength (resistance to 
wear) of refractories and select a rational design of the 
blast-furnace . 

By the utilization of radioactive indicators quantitative 
data on the wear of a definite layer of shaft lining of a 
blast-furnaoe can be otalned and the time required for the 
destruction of the given layer determined. 

The use of radioactive isotopes in the study of the wear 
of blast-furnace hearth bottom linings led to the mastery of 
the dynamics of wear and permitted to sot up a rational shape 
of the hearth bottom. 

Hearth bottoms, which are cylindrical in form and have 
coolers along the periphery of the lower part, have the grea- 
test strength. Hearth bottoms having the shape of a trunca- 
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ted cone offer leaa favourable conditions for cooling and get 
destroyed quicker. It was found advisable to use radioactive 
isotopes for the oontrol of scouring of blast-furnace hearth 
bottoms in those oases when the hearth bottom Installed Is of 
a new design. Lately suoh an Investigation was conducted at 
the Illch plant) where the hearth bottom was made of a high- 
strength high-aluminous brick. Preliminary results Indicate 
that suoh a hearth bottom Is stronger than a chamotte hearth 
bottom. Due to the data of this work Design Offices have 
provided stronger hearth bottoms. 


11. STEEL SMELTING 

1 . The Study of the Absorption of Sulphur Out of 

Gasous Fuel In Smelting Steel In Open-Hearth Furnaces 

At the Stallnsk Iron and Steel Plant the mixed coke and 
blast-furnaoe gas, used In heating the Open-Hearth furnaces > 
has before the headpiece from ? to 8 g of sulphur per ou mj 
while before it enters the head - about 0.8 g of sulphur per 
cu m. In the process of smelting the sulphur Is from Its gase- 
ous phase partially transformed Into met^ll, due to which its 
concentration In finished steel Is raised. 

Below are presented: a description of the method of deter- 
mlnatlon of the amounts of sulphur, which pass from the gas 
into the charge In smelting In Open-Hearth furnaces at the 
Stallnsk Plant, and of the results obtained by it. 

The method Is based on the determination of the weight 
of liquid metal and liquid slag In the furnace In the process 
of smelting and upon a subsequent preparation of a material 
balance, by sulphur, with the utlllaatlon of the data of 
chemical analyses of samples of both metal and slag. 

1 3 
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The weight of both metal and slag is determined by the 

method of Isotope Dilution. In experimental melts a radioactive 

cobalt in a non— metallic state was introduced, to an amount 

of 0»1 m Cu per ton of metal, into liquid cast iron before 

it Is poured into the Open-Hearth furnace. In the process of 

smelting metal samples were selected In the furnace and poured 

Into the oast Iron mould. Cylindrical ingots so obtained were 

placed In the centre of a protecting chamber, along whose cir- 
cumference 12 gas counters were arranged. As the melting went 

on the radioactivity of metal samples kept on decreasing due 
to the Increase of the amount of metal In melting scrap. 

The weight of the total amount of liquid metal In tons 
In the furnace at the time instant t was calculated from 
the results of measurements of ingot radioactivity by means 
of the following equation: 


o o 


, where 


Mq - is the weight of the liquid cast iron poured into the 
furnaoe^ in tons; 

i(, - Is the speed of counting from a sample of that cast iron, 
In imp/mln.g,; 

1^ - is the speed of counting from a sample of metal selected 
out of the furnace In a time instant t, imp/min.g. 

The change of weight of liquid metal In the run of one of 
the experimental melts is shown graphically on Fig. 9. 

For the determination of hhe weight of liquid slag In 
the furnace radioactive calcium was used; it was placed into 
metal cartridges as CaO and arranged on the surface of solid 
charge materials on the bottom of the Open Hearth before cast 

iro. ... po„ea. Bi. oo.t.nt 1. the (1..1 .1.8 ... 7 m Cu 

per ton. 
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Aa the melttng went oe .lag .ample. „r. takea. Ih. «,a.u- 
remeet. of oalolum radloactlrtt, la .lag sample., together 
.1th the oalculatloa of the .eight of the .ett.a .lag, permit- 
ted to determlae the .eight of ll,ui 4 .lag i„ the furaao. la 
process of smelting# 

Oa Fig. 10 oa ooordlaate. oouatlag .peed - time l. girea 

the ourre of dllatloa of radlooalolom la .lag la oa. of the 
experimental melts. 

la all toot melt, .lag ..igheg after the melt .a. 
oompleted aad the lagot .eight determlaed. That permitted 
correct results of radioactivity measurements. The totality 
of experimental data on radioactivity and of the results of 
the chemical analysis of all samples of metal and slag for 
sulphur content permitted to make up balance sheets of melts 
for that element. Thus, the amount of sulphur, which went over 
from the fuel Into the charge, can be determined as the diffe- 
rence between the actual weight of sulphur in the metal-slag 

system and the weight of sulphur carried into the furnace aloug 
with charge materials. 

12 melts hare been investigated by the method described. 

It was found that during the periods of heaping up, warming 
and pouring cast iron the open-hearth bath consumes on the 
f average about 3 kg of sulphur per hour, or approximately 11 kg 

during that entire period. That makes up approximately 15% 
of the total weight of sulphur in the metal-slag system. 

During the melting period the bath consumes somewhat more 
of sulphur, the amounts consumed increasing with the growth of 
the sulphur content In the mixed coke and blast-furnace gas. 

The results of oalculatlons Indicate that during the pe- 
riod of raetllng, the metal, on an average, absorbs about 11 kg 

-- It -- 
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of sulphur from the fuel, while in the period of final melt- 
ing about 1.5 kg of "gaseous" sulphur passes over from the 
metal into the slag. In all during the melt from fuel into 
steel passes over about 20 kg of sulphur, which is approxima- 
tely 0.015#. 

Usually in melts made under conditions as described above 
the ready metal has a sulphur content of 0.045#. Thus, on 
the average, approximately one third of that amount la the 
component that gets into steel from the fuel. However, if we 
turn from average values to the consideration of individual 
melts, then we will note that in some oases during the period 
of final melting there is observed a considerable decrease of 
the sulphur content in the metal. So, in one of the test 
melts in this period about 13 kg of «^aous" sulphur was re- 
moved from the steel, l.e., almost 0.010#. The result obtained 
indicates that there is a possibility to considerably lower 
the steel sulphur content by means of bettering the slag 
regime. It was found that the greatest negative effect upon 
the process of desulphuration la produced by the slag silica 
content, the silica entering the slag from the ore charged 
into the furnace. In that connection the Stallnak Plant intro- 
duced the practice of changing a part of the ore by cinders. 
Which contain no silica. Such a modification of the technology 
ensures a substantial lowering of the metal sulphur content 
and a lessening of the duration of melts. 

At the present time operations, in w. oh the weight 
of liquid steel in the furnace has to be de ermlned, are 
carried cut by the utilisation of radioactive ruthenium in 
Place of radiooobalt. m that determination the intensity 
of radiation of metal samples is measured by means of a scln- 

-- 1 6 — 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 


Approved For Release 2009/04/27 : CIA-RDP80T00246A008300390002-6 


ove 


ned 


ro- 


tlllatlon counter, which permits to decrease more than an 

order the concentration of the radioactire isotope in the 
metal, 

— ■ Formation In S melting 

Large Open-Heart h Furnace a 

The "Aaorstal" Iron and Steel Plant processes oast Iron 
with a high phosphorus content. Therefore, the rationalisation 
of the Open-Hearth furnace slag regime Is of especial interest 
to It, in Oder to most effectively dephosphorise the metal, 
as well as to obtain slags with a high content of phosphorus 
pentoxlde, used as agricultural fertiliser. 

In the open-hearth shop a technology was specified, by 
which in the furnace, after the ready steel is let out, some 
amount of slag Is left. That measare is aimed to fasoilltate 
the formation of slag during the melting period in the next 
melt. The optimal conditions for the utilization of such a 
slag were worked out by means of the method of radioactive 
isotopes. To the slag, which was left in the furnace, radioac- 
tive sulphur was added, and then, as the process of melting 
was being carried on, slag samples were taken. By the results 
of measurements of the radioactivity of these samples It was 
established that the earlier the slag, which was left over In 
the furnace, begins to melt, the more successful Is the flow 
of the dephosphorlzatlon process. 

In this connection the Idea occurred that the openhearth 
slag, which is skimmed from the furnace In the final period 
of bath refining, may again be used In subsequent melts as a 
slag forming material. In this case the slag, which previously 
was dumped on the heap, now becomes a circulating material, 
which permits to reduce the consumption of limestone. Besides, 
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the use of such a formed slag should fascilltate the melting 
of ore and limestone charged into the furnace and, therefore, 
should better the conditions of dephosphorizatlon of metal 
during the initial period of melting. 

Below are described tests on Open-Hearth furnaces of 
the "Azovstal" Iron and Steel Plant, in which the speed of 
melting of the circulating slag and its effect upon the run 
of melting were determined. For that purpose the circulating 
slag was traced with radioactive phosphorus. From 30 to 40 

minutes before the last polished slag was skimmed, into the 
metal bath have been Introduced a few grams of iron phosphide 
enriched P .In the Interval up to the end of the melt radio- 
phosphorus was oxidized and was uniformly spread in the liquid 
slag volume. When poured out of the furnace the slag was 
subjected to crushing in the ram engine shop to sizes of 50- 
100 mm and was then used in melts. The amount of this slag, 
which was charged into the furnace, was from 1,5 to 4^6 by 
weight of the metallic part of the charge. 

The judgment of the speed of melting of the solid slag 
was made by the radioactivity of slag samples, which were 
taken from the furnace in the process of melting. Tests have 
shown that the first samples of slag, taken directly after 
the pouring of cast iron, were characterized by a maximal 
radioactivity. That can be illustrated on Fig. 11 , on which 
18 given a curve indicating the variation of radioactivity 
of slag samples with the run of the melting. From an analysis 
of this Fig. it follows that the circulating slag almost 
entirely passes into the liquid state directly after the 
pouring of the cast iron into the furnace. Thus, an analysis 
of the above mentioned tests shows that the use of circula- 

18 
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ting slag should lead to the 
"eUl.g. A oo„parl=„. of o, tV 

ne. toohnolo^ corroborated that ac..crtlo.,. tt o,,. l„ 

the last case on the aveT*afr^ +>, j 

e average the duration of molta has been 

lessened considerably, fahing into account the lessening si- 
multaneously Of the oonsunptlon of limestone, it be con- 
aldered that the ne. teohnology possesses Important econoalc 

adTantages. At the present tl», it is being mastered by the 
plant, 

l^. The Effect of the Quantity n f Qualify 

of Steel in the Perlo.^ of RniHr.^ 

At the "Azovstal" Iron and steel Plant the radioactive 
isotope cf phosphorus was also utilized for the determination 
of the weight of slag in an open-hearth furnace in the period 
of pure boiling. Radiophosphorus was Introduced Into the 
furnace In the middle of that period. The weight of slag was 

determined by the measurement of the radioactivity of its 
samples# 

Tests have shown that the flow of processes of steel 
melts and the quality of the read,y metal both depend upon 
the quantity of slag In the furnace. So, Fig. 12 shows that 
the speed of oxidation of carbon, when all other conditions 
are the same, is a maximum for mean quantities, of slag com- 
prising about 6<$ of the weight of the metal. Both for greater 
and for smaller quantities of slag the oxidation is retarded. 

It is interesting to note that with such an optimal 
quantity of slag in the furnace there also Ls observed a maxi- 
mal speed in the heating of the metal and a highest output of 
steel of the first That can be illustrated by Fig. 13, 

on which the output of first class rails is shown to be a func- 
tion of the weight of slag in the furnace. 
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CODClUSlODS 

The examples presented In the report indicate the effect-- 
iTeness of the utilization of radioactive isotopes in the so- 
lution of technological problems of metallurgical production. 

The further advance of works on the utilization of the 
attainments of nuclear physics for the benefit of metallurgy 
willy seemingly y to a considerable degree depend upon the re- 
sults of the activities of scientists and engineers in the 

field of physios of the isotopy of elements and of nuclear 
radiation, as well as the achievements in the design of radio- 
metric apparatus and of Individual nuclear physics Installs — 
tions.Here shouldy in the first place, be named such (questions 
as the availability of radioactive and stable isotopes of a 
aeries of light elements, which can be handled conveniently, 
the design of high-sensitive portable radiometric apparatus 
which will make possible to conduct measurements on a wide 
range of temperatures, the creation of small-size powerful 
neutron sources. With greater intensity should the development 
of questions connected with radiation safety in working with 
isotopes and radiation, under conditions of industrial produc- 
tion, be continued. Exchanges of experiences obtained in 
various countries on the above-indicated questions of applied 
nuclear physios may suostantlally accelerate the advance of 
^hls field of science and technique. 

F 
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Figures 

F1&2^. Distance from wall, mm 
Flg« 6, 1) Horizons; 

2) To tuyere No* 8; 

3) To tuyere No. 9; 

4) To tuyere No. 8; 


To horizons 1-7. 


Flfii_ 2 . O Radioactivity of cast Iron tests, 5656 ; 
2) Weight of cast Iron melt, 

O Scrap smelting melt No. 3161; 


2) Weight In tons; 

3 ) Tine In minutes. 
Fig. 10 . 1) Melt No. 3149; 


s 


2) Dilution Ca^’; 

2 ) ; 

' min. ’ 


3) Time, min. 



nt 


2 ) Time, hour— min; 

3) Pouring 


cast Iron 


d 


Fig. 12 . 1) 0 - rail steel 

X - low oarbon steel; 

2) Speed of burning of oarbon, Cmln.; 

3) Percent of slag from weight of metal. 
Fig. 13 . 1) Percent of first class rails; 

2) Percent of slag from weight of metal. 
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THE USE OF IONIZING RADIATION FOR MODIFYING THE 
PROPERTIES OF WOOD AND SYNTHETIC POLYMERS 
bjr V.I,.Karpoy, A.S.Preldl.. l.U.MallnsklJ.V.I.S.renkor, 
R*S«Klinianova 

A PMctloall, Important trend In the field of radiation 
chemlatry la the research Into the use of nuclear radiation 
to obtain new tjrpea of polpmerlo materlale. To this heading 
belongs the work In polo-merlaatlon and the study of the 
effect Of nuclear radiations on natural and synthetic poly, 
merlo materlaloi radiation Tuloanlsatlon and graft-polymorlsa- 
tlon; and the production of blook-polymers through Irradiation, 
Oraat emphasis has been laid in the recent period on the 
dew.lop.ent of methods of ho. to apply nuclear radiation to 
produce graft- and block-polymers. The principal process under- 
lying these methods Is a modification of the properties of 
polymeric materials either by "graftlng» chains of a different 
chemical composition and structure to the molecular chains of 
polymers or by producing block-polymers of varying structure. 
A.ong the methods kno«, so far of producing grafted co-polymers 
the least elaborated Is the method of Irradiating mlrturea of 
polymers In solid state or In solution. 

The application of Ionizing radiations for processing and 
n.odlfylng wood and other materials Is based, on the one hand, 
on an examination of properties of the Irradiated wood and 
on the other - on employing radiation polymerization and graft- 
polymerization . 

Of greatest Interest la the modification process of wood 
and other fibrous or porous materials after previously Impregna- 
ting them with a monomer. An irradiation following the impreg- 
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nation produces a radiation polymerization of monomers and In 
some cases eren a formation of grafted polymers, the resulting 
products having a different set of properties. 

Some of the characteristic advantages of this technique 
are: a possibility of performing the process at room tempera- 
ture, atmospheric pressure, and without using catallsts and 
Initiators, and a low viscosity of monomers, a factor which 
fasollltates the Impregnation process* 

By varying the choices of monomers, the extent of their 
Impregnating the fibrous base, and the conditions of Irradia- 
tion It Is possible to obtain materials with extremely diffe- 
rent properties which combine the characteristics of the 
Initial product with those of the polymer formed. 

We have studied In particular the modification of wood 
by poiystlrene, polymetllacrllate , polymetllmetacrilate, poly- 
vlnllaoetate and poiyacrilonltrll . The most Interesting re- 
sults are observed when the polymer can be solved In its mono- 
mer. 

If compared with popular kinds of wood plastics (DSP, 
delta-wood a.o.) this material is characterized by full reten- 
tion of the cell structure of wood presenting a framework 
whloh Is filled with the newly formed polymer. 

Below are given the properties of modified wood (pine- 
wood, modified with polystlrmie ). The volume weight of the ma- 
terial increases from 0,46 to 0,61 when the amount of stirene 
absorbed la 20,5# of the weight of wood and from 1,0 to 1,1 
when the wood has absorbed 120# of polystirene. 

Table 1 shows varying strength caracterlstlcs of such 

wood. 
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T a b 1 e 1 


Resistance to static 
bending, kg/om^ 


It wollows from Table 1 that the most substantial impro- 
vement of strength corresponds to the integral dose of 
15,5.10-6 rad. Further Irradiation decreases the resistance 
of wood against static bending which is a result of atlera- 
tions oocuring in wood Itself due to Vrays (see below). 

Along with the integral dose the intensity of irradiation 

13 of major Importance for the qualities of the product obtal- 
neda 

As is shown in Fig. U2, the formation in the wood of 
such a water-resistant polymer as polystlrene decreases more 
than twofold the maximum moisture absorption of wood and more 
than slxfold-lts water absorption. The maximum water absorption 
(within 30 days) of such wood is not more than 25#, and the ro- 
lume increase due to moisture absorption (see Table 2) is twice 
less as compared to the initial material. 
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Table 2 

Change of Tolurae in determining moisture absorption 
of pine-wood modified with polystirene 
Integral dose 15,5.10**^ rad 



1 

2 

3 

5 

6 

13 

20 

30 

Change of volume of 
modified wood, # of 
the Initial 

4,2 

6,5 

5,4 

7,4 

4,9 

8,2 

6,8 

6,9 

Change of volume of 
basic wood, % of the 
initial 

9,7 

11,8 

11,2 

14,0 

12,9 

15,0 

14,0 

15,0 


The wood modified with polyacrllonltrll posessea high 
fire realatanoe and will not give food to burning. Thus the 
abore method makes it possible to obtain from both hard and 
soft wood varieties such meterials which differ from the ini- 
tial ones by Increased strength, chemical resistance, a lower 
water and moisture absorption and a greater dimension stabili- 
ty. Such a wood is fungi-resistant and, using appropriate 
polymers, is provided with better dieleotrical qualities. 

Materials of this kind may find many applications in 
building, transport, engineering, electric and radio industry. 
In particular, a specially conducted test of the adequacy of 
wood modified with polystirene for making casting models 
(bearing model 350x150x200 mm) has shown that after 18 days 
in moulding earth such models practically do not change their 
Shape or dimensions and absorb twice less moisture than samples 
not processed. They have several characteristics superior to 
models protected by other techniques. 
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The polymerization of monomers by ionizing radiation oan 
be performed not only m ,„od bet also In other fibrous «- 
terlals; textiles, paper etc. ,1th considerable alteration of 
qualities resulting. An Interesting application of this method 
of material modification Is the conservation of all kinds 
Of museal and archeological traasures composed of fibrous 
material by using radiation polymerization. 

The development of a practical application of Ionizing 
radiation for ,ood modification has been made possible due to 
extensive research Into the radiation acting on the llgnln- 
carbo-hydrate complex and Its components. The change of the 
moanmoal properties of various wood varieties has been stu- 
died ,1th great detail, and the dose limits leading to an 
essential decrease In .ood strength have been dlflned (Table 3). 

Apparently, these dose-rates are considerably higher than 
those necessary for modifying ,ood by radiation polynerlza- 
tion and graft-polymerization. 

If -radiation results in somewhat higher rates of water 
absorption (though its maxlraam value remains coustant) and a 
certain decrease of water vapour absorption (2-3*) by wood. 

The change in the mechanical properties of Irradiated 
wood is caused by radiation-chemical processes which take place 
in irradiated materials. These processes result in a higher 
solubility of these materials in water which is in the main 
a consequence of a destruction of the polysaccharides macro- 
molecules down to the level of low-molecular products. 

The radiolisis affects in the first place the hemi cellu- 
loses and amongthese - the pentosans, with cellulose second. 
Lignin is the most radiation resistant component protecting 
carbo-hydrates from radiolisis. 
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In scale of radiation resistance the polysaccharides 
are to be arranged as follows; 

araban xylan mannan -- galactan - cellulose 

As is known, lignin is responsible for the resistance of 
wood against compression, while the cellulose and the hemice- 
lluloses in the first rate make it resistant against splitting 
and bending stresses. That accounts for the irradiated wood 
working better against compression and worse against bending 
and splitting. ^ 

We have also studied the posslblities of using nuclear ^ 

radiation for producing new types of polymers based on mixtures 
of high pressure polyethilene and block-polystirol. 

The initial polyethilene and polystlrene were mixed by 
rolling at 140®C, in weight proportions 90: 10 (PS - lo); 

80:20 (PS - 20); 50:50 (PS - 50) respectively. 

From these rolled mixtures samples for irradiation and 
subsequent test were prepared by casting or pressing. The 
irradiation of samples was made using a Cobalt^® source of 

21.000 g.eq. of Ra, at 20°C and 130°C with and without atmo- 
spheric oxygen. 

The samples .ere tested toi teasloa streaeth aad eloa- j 

Satlea la teasloa prior to aad after the Irradlatloa. The 1 

cbaage of the specific Impact toughaess .as also measured. la 
the latter test there .as ao destruotloa of the PS - 10 aor 
PS - 20 samples aelther prior to. aor after the Irradlatloa. 

The chaages la the mechaalcal properties of the polymers 
coaceraed after their Irradlatloa are preseated la lable 4 . 

The total quaatlt, of uagrafted aad noa-cross-llaked polystl- 
reae .ae determlaed by extractlag Irradiated samples .ith 
toluol la a Soxhlet apparatus for 12 hours. 
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The Effect of Ionizing Hadiation on the Strength of Some Wood Varieties 

Integral Doaa 
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Change of Mechanical Properties of Polymers Due to Irradiation 
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dltlon of high elasticity as compared to the temperature of 
the initial mixtures ohanging to viscous condition. An examina- 
tion of the solubility of irradiated pure polyethilene and 
Its mixtures with polystirene has shown that polystirene produces 
a stabilizing effect on polyethilene as a result of which 

the rate of tying polyethilene in the presense of polystirene 
decreases. 








LUO 

PS - 10, PS - po, PS - 50 .hlch had .... 

led air ,ith . a... looo.lo'® rad. b, heating them 

at 250 C fnr 4-6 hour,. I„ .11 oaa.n a change of colour was 
Observed but no change of form, of the samples. 

In order to achieve a fuller combination of poljstlrol 
and pclf.thllene, reduce the vlsccsltf of the medium and 

»al=, ocndltlcn mere favourable for an Interaction of polv- 

ethllene and polystlrol wa ^ 

^ X,we irradiated samples of Ps - io 

PS - 20 and PS - 50 at a temperature of at this tlmpe- 

r^ur. the above mlrtures of polyethilene and polystlrol 

Chafed, according to visual observation, to hccgencus and 
transparent melts. 

However, at these conditions, intense gas. formation 

.1.10 

» ns, by irradiating mlrtures of polyethilene and polystl oi 

1 :::“ ~ 

‘.-tics .o~ 

Tbe resulting irradiated materials arpi «■ 

iconwn technological proce t “ 

Sing techniques and the method 
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ot InorMSUg thermal staMlltj aad .trangth oharacterlatloa 
ascrlbea ia only applicable to preeloualy ahaped pro- 

duots* 

Katerlala of thla kind ^ find application In radlo- 
englnoerlng and eleotrot.chnlcka and alao .bar. It la naoaaaa- 
ir to Improra radiation atablllty of a product made for 
instance of polyethllene. 
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laU.- Ch»»s. ot .olstur, absorption ol initial and modified 
wood (on a time basis). 

1 - Holsture abaorption, *, 2 . 

trol aanplea, 4 - I.pradnated and Irradiated eanplea. 



ZUa^. Change ot «ter abaorption ot Inltal and .„ditled 
wood (on a time basis) . 

1 - water abaorption, «, 2 - Ilme.dapai 3 - Control 
aamplesi 4 - Impregnated and Irradiated aamplea. 



